Objectives: Although the usefulness of antimicrobial prophylaxis for clean-contaminated surgery has been recognized, only a few randomized controlled studies on the duration of administration after hepatectomy have been performed. We investigated the duration of antimicrobial prophylaxis after hepatectomy.
Introduction
Hepatectomy is classified into clean-contaminated surgery because the bile duct is dissected. The usefulness of antimicrobial prophylaxis for general clean-contaminated surgery has been confirmed by randomized controlled studies.
1,2 For hepatectomy, antimicrobial prophylaxis may be essential because impairment of glucose tolerance due to reduced liver function, reduced immunity, relatively long operation time and relatively large blood loss are present. Thus, patients undergoing hepatectomy are a group at high risk of surgical site infection (SSI), 3 in addition to the fact that this operation is a clean-contaminated one. However, only two randomized controlled trials (RCTs) on the usefulness of post-operative antimicrobial prophylaxis after hepatectomy have been performed, 4, 5 and the results were contradictory. Under such circumstances, the duration of postoperative administration of antibiotic drugs is decided on the basis of experience at each facility.
The American Thoracic Society and the Society of Critical Care Medicine proposed a new concept, systemic inflammatory response syndrome (SIRS), in 1991.
6 SIRS is a condition in which a systemic inflammatory reaction is induced by stress such as surgery, and its main feature is considered to be hypercytokinaemia. This high-cytokine condition is involved in homeostasis maintenance in the body, but it may impair organs when it is protracted or excessive. 7 In the field of gastrointestinal surgery, SIRS has been attracting attention as an index of surgical stress early after surgery and a warning sign of complications. 8 We performed a prospective RCT. The patients were divided into groups treated with flomoxef sodium ( product name: Flumarin), which appeared to have been most useful in previous studies, 9, 10 as post-operative antimicrobial prophylaxis for 2 (operation day and the following day) or 5 days (until postoperative day 4). The incidence of post-operative infections [SSI and remote infections (RI)] and the positive rate of SIRS were investigated.
Patients and methods

Patients
In our university hospital, patients who underwent elective liver resection for hepatic lesions were enrolled in this study. As selection criteria, patients who were concomitantly treated with the resection of other organs-resection and anastomosis of the bile duct; drainage and resection and anastomosis of the digestive tract-and patients in whom apparent infection was noted at the time of surgery were excluded. Patients with a past medical history of allergic reaction to b-lactams, a pre-operative serum creatinine level of !1.5 mg/dL, diabetes mellitus under insulin control, treatment with antibiotics within 1 week before surgery, and being judged ineligible by the attending physician were also excluded. Patients who did not consent to this study were excluded. Informed consent was obtained from each patient before surgery.
Stratification, randomization and blinding
Before surgery, patients who met the inclusion criteria were randomly allocated to the 2 day or 5 day treatment groups by the minimization method. The stratification factors were age (older than 60 years of age and younger than 60), diseases ( primary liver cancer, metastatic liver cancer and others) and the planned resection rate (!30% and ,30%). Allocation was performed in a blind manner using a personal computer. This study was approved by the Ethics Committee of our university.
Dosing schedule
Flomoxef sodium was used as an antimicrobial prophylaxis to prevent post-operative infections. On the operation day, 1 g was administered 30 min before surgery, 1 g every 3 h during surgery, 1 g 2 h after the completion of surgery and then 2 g a day after the operation day (1 g every 12 h). The patients were randomly divided into the 2 day and 5 day treatment groups and were then treated with this regimen and compared. No patient received pre-operative administration of oral antimicrobial agents.
Endpoint
The primary endpoint of this study was the incidence of SSI. Secondary endpoints were the positive rate of SIRS and other complications such as RI, bile leakage and diarrhoea.
Examination
Haematological and biochemical tests were performed before surgery, immediately after surgery and 1, 2, 3, 5, 7, 10 and 14 days after surgery, and additional tests were performed as needed. Routine bacteriological tests were performed after drain removal, after catheter removal from the central vein, or of sputum after removal of an intratracheal tube when the tubes were not removed immediately after surgery, and additional tests were performed as needed. Imaging examinations, such as plain chest radiography, abdominal CT scanning and abdominal ultrasonography, were performed as needed when post-operative infection was suspected.
Judgement criteria of infections and SIRS
The incidence of infections (infections of the surgical site and distant organs) 30 days after surgery and the positive rate of SIRS were compared between the two groups. As a rule, infections were diagnosed when the culture test of the site suspected as being infected was positive between immediately after surgery and 30 days following surgery. For SSI, the Guidelines for Prevention of Surgical Site Infection established by the CDC were used.
11 SSI includes superficial, deep incisional and organ/space SSI and was diagnosed on the basis of the presence of the following findings within 30 days after surgery: inflammatory findings, such as fever and flare, drainage of pus from the incision or drain, detection of a pathogen by culture of fluid or tissue sample and fluid retention on imaging indicating the presence of pus in a deep region. Cases judged as SSI by physicians were also included even though pus drainage and pathogens on culture were absent. For example, when fever and right hypochondrial pain developed after drainage removal following surgery and exudate retention was noted on the cut surface of the liver on CT or echo, the case was diagnosed as infection of the cut liver surface, although nothing abnormal was found in the culture.
For SIRS, the consensus criteria established by the American Thoracic Society and the Society of Critical Care Medicine were used. 6 When two of the following four conditions were present, the case was diagnosed as SIRS: (i) body temperature of 368C and !388C; (ii) a pulse rate of !90/min; (iii) a respiratory rate of !20/ min or PaCO 2 . 32 torr; and (iv) white blood cell counts of !12 000/mm 3 and 4000/mm 3 or !10% immature cells. Diagnosis of SSI and RI was made by the attending physician and a physician in the infectious control team of our university.
When post-operative infection was diagnosed during the study, the treatment was changed to therapeutic antimicrobial agents.
Diagnostic criteria of bile leakage
Diagnosis of biliary complications was based on one or more of the following post-operative findings: (i) drainage of bile from the abdominal wound and drain, showing a total bilirubin level of .5 mg/mL or three times the serum level in the discharge fluid; (ii) an intra-abdominal accumulation of bile confirmed by percutaneous drainage; and (iii) cholangiographic evidence of bile leakage. 12 
Sample size
Our department had previously administered antimicrobial prophylaxis for 5 days after hepatectomy, and the incidence of postoperative SSI was 9.4% in the last 3 years. This study was a non-inferiority study to demonstrate the equivalence of the 2 day and 5 day treatment groups. 13 
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When the incidence was predicted to be 6% in consideration of a decrease in the SSI incidence due to various countermeasures against it during the study, the number of cases required to analyse non-inferiority was 89 per group, when the significance level, power and tolerance difference were set to 0.025%, 0.8% and 10%, respectively. Thus, 89 cases per group were targeted.
Statistical analysis
All analyses were performed as intention-to-treat. For inter-group comparison of the incidence of post-operative infections, the noninferiority test with a non-inferiority margin of 7% was performed, and P , 0.05 was regarded as significant. 13 For inter-group comparison of items other than the incidence of post-operative infections, the Mann-Whitney U test and x 2 test were used. P , 0.05 was regarded as significant.
The significance of differences was analysed every 6 months to decide upon discontinuation of the study from an ethical viewpoint when the incidence of infections was significantly higher in one of the two groups.
Results
Number of entries
Of 196 patients who underwent hepatectomy at our department between April 2003 and March 2006, 180 patients who met the inclusion criteria were enrolled in the study. Eighty-nine and 91 patients were allocated to the 2 day and 5 day treatment groups, respectively ( Figure 1 ). The reasons for exclusion of 16 patients were as follows: treatment with antimicrobial agents before surgery in 2; reconstruction of the intestine or biliary tract necessary during surgery in 2; diabetic complication treated with insulin in 3; renal dysfunction in 2 and withholding of consent in 7. After allocation, no patients were excluded from the study.
Background characteristics of the patients
The indications for liver resection and background patient characteristics are shown in Table 1 . There were no significant differences in tumour pathology or in any category between the two groups.
Surgical procedures and intraoperative results
There were no significant differences in any category between the two groups ( Table 2) .
Post-operative course
Infectious complication rate. The incidence of post-operative infections was seven (7.9%) and six (6.6%) in the 2 day and 5 day treatment groups, respectively, revealing non-inferiority. When post-operative infections were divided into SSI and RI, the SSI incidence was four (4.5%) and four (4.4%) in the 2 day and 5 day treatment groups, respectively, showing noninferiority. In contrast, the RI incidence was three (3.4%) and two (2.2%), respectively, so that there was a failure to demonstrate non-inferiority (Table 3) .
Infected site. Infections occurred in 13 patients, accounting for 7.2% of all patients. SSI occurred in eight: intra-abdominal infection in five and wound infection in three. RI occurred in five: catheter infection in four and pneumonia in one. The causative bacteria were Gram-positive cocci in three and Gram-negative bacilli in two in the 2 day treatment group and Gram-positive cocci in all cases in the 5 day treatment group (Table 3) .
Positive rate of SIRS. The positive rates of SIRS on days 2 and 3 after surgery were 31.7% (26 cases) and 14.6%, respectively, in the 2 day treatment group and 14.1% and 4.7%, respectively, in the 5 day treatment group, showing that the positive rate was significantly higher in the 2 day treatment group on (Table 4) . However, no significant difference was noted between the two groups after post-operative day 4 ( Figure 2 ). The cumulative numbers of days with SIRS after surgery were 1.34 and 0.95 in the 2 day and 5 day treatment groups, respectively, showing a slightly longer duration in the 2 day treatment group, although the difference was not significant (Table 4) .
Serious complication, diarrhoea and hospital stay after operation. There was no post-operative death during the admission period in either group. No severe complications were observed. If complications were defined as conditions in which the admission period after surgery exceeded 22 days (mean þ SD), the number of patients with complications was 18 in the 2 day group (20.2%) and 14 in the 5 day group (15.4%), the difference being not significant. Table 5 shows the complications. All patients recovered and were discharged from the hospital. Diarrhoea was noted in two patients in the 2 day group alone, but Clostridium difficile was not detected in these patients. The number of patients in whom SIRS was positive for 4 days or longer and imipenem/cilastatin was administered was 12 in the 2 day group and 9 in the 5 day group, the difference being not significant.
Risk factor of post-operative infections. On comparison of patients who developed infections with those who did not, the operation time was significantly longer in the former group, and the blood loss and bile fistula complication rate were also higher (Table 6 ).
Discussion
Since hepatectomy is invasive to the liver, which is important for defence against infection, and is performed in patients with reduced liver function, such as those with hepatic cirrhosis, patients may readily progress to liver failure upon intra-abdominal infection. 3 Thus, prevention and treatment of post-operative infection are important to improve the outcomes of hepatectomy.
Only a few randomized controlled studies on the duration of antimicrobial prophylaxis after hepatectomy have been performed. Wu et al. 4 performed a comparative study of groups untreated and treated for 7 days with cefazolin and gentamicin and found that antimicrobial prophylaxis did not prevent postoperative infection. In contrast, Sano et al. compared groups treated with cefazolin only during surgery and treated until postoperative day 5 and found that antimicrobial prophylaxis was useful for the prevention of post-operative infection and signs of infection, insisting on the effectiveness of post-operative administration. Thus, the reports were contradictory. In this study, we performed an RCT of the duration of administration using flomoxef sodium in patients who underwent hepatectomy without reconstruction of the intestine or the biliary tract.
The target-contaminating bacteria in the field of gastrointestinal surgery are the air-borne bacteria, Staphylococcus aureus, enteric bacteria, Escherichia coli and Klebsiella pneumoniae and an anaerobe, Bacteroides fragilis. The antibacterial activity of flomoxef sodium against these bacteria is superior to those of cefazolin and cefmetazole, 14 and the drug causes fewer adverse events, similar to other cephem antibiotics, and has less effect on intestinal flora. 15 In our experience in the last 10 years, the lowest incidence of post-operative infection was noted when flomoxef sodium was administered, and the rate of induction of multidrug-resistant bacteria was also low. 10 Therefore, flomoxef sodium was considered the most adequate antimicrobial agent and was thus used for antimicrobial prophylaxis in this study.
Regarding how to administer antimicrobial prophylaxis, the CDC guidelines specify the maintenance of an effective blood level from the initiation of surgery until 2 h after closure of the abdomen. 11 Accordingly, 1 g of flomoxef sodium was administered 30 min before surgery, followed by 1 g every 3 h. Pre-operative treatment with oral non-absorbable antimicrobial agents was useful in some reports. Condon 
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recommended that a pre-operative protocol of bowel preparation and oral antibiotics should be administered, as a substantial serum level of erythromycin during operation may play some role in reducing the perioperative infection rate. 16 However, in this study, we could not choose such a protocol.
Regarding the establishment of the duration of antimicrobial prophylaxis, the mean number of days with post-operative SIRS, including the operation day, was 1.62 + 1.59 days in the last 3 years before this study. On the basis of this, the 2 day treatment group covering the SIRS-positive period to some extent and the 5 day treatment group, in which the duration was mean þ 2 SD, mostly covering the entire SIRS-positive period were established. In the CDC guidelines, 11 maintenance of the effective blood level from anaesthesia induction until the completion of surgery is emphasized, but no need for post-operative administration is described. Bratzler et al. 17 reported that 60% of cases were treated for .24 h (e.g. drugs were administered until the day following surgery) for cardiovascular, orthopaedic, large intestinal and gynaecological surgeries in the USA, indicating that post-operative administration was considered useful in many studies. Therefore, we considered that administration on the operation day alone is not practical for clinical cases.
This randomized controlled study was a non-inferiority study to investigate equivalence. The sample size established first was 89 per group. SIRS-positive cases were to be carefully observed and immediately treated with therapeutic antimicrobial drugs in the case of infections, such as sepsis, and conditions that may deteriorate into liver failure, a serious complication.
No significant differences were noted in the incidence of RI or SSI between the 2 day and 5 day treatment groups, but SIRS was significantly inhibited on post-operative days 2 and 3 in the 5 day treatment group. These findings are similar to those reported by Sano et al., 5 who considered SIRS as a sign of suspected infection.
SIRS is determined by fever, pulse and respiratory rates, and by the white blood cell count, and is induced by overproduced humoral mediators including cytokines. 9 Although it does not advance to cellular injury, SIRS is a dangerous condition that may lead to organ failure. Particular attention should be paid to septic SIRS, which occurs upon infection. According to Kitamura and Hirasawa, 8 SIRS was noted in 65.6% of patients who entered an intensive care unit after gastrointestinal surgery, organ failure occurred in 4.9% of SIRS-positive cases, 6.3% Time after operation, (days) SIRS positive rate (%) Figure 2 . Positive rate of SIRS in non-infectious cases. The post-operative SIRS-positive rate was significantly higher in the 2 day treatment group than in the 5 day treatment group on post-operative days 2 and 3. However, no significant difference was noted on post-operative day 4. died and the mortality rate increased as the SIRS-positive period was prolonged, showing that SIRS is an early warning sign of organ failure, and early countermeasures against SIRS should be taken. Therefore, SIRS-positive cases should be carefully observed, and when advancement to infections, such as sepsis, or liver failure is suspected, therapeutic antimicrobial drug administration should be immediately initiated.
Regarding the mechanism of SIRS inhibition by flomoxef sodium in this study, the inhibition of pathogen proliferation by flomoxef sodium may have prevented the enhancement of cytokine production by neutrophils.
When infection, particularly sepsis, develops after hepatectomy, fatal liver failure may occur. 18 -20 Thus, signs of infection should be carefully followed, and immediate treatment may be necessary. According to Sano et al., when a sign of infection is noted, antimicrobial drugs should be administered or changed, and not only blood sampling and various culture tests but also ultrasonography or CT may be necessary to evaluate possible intra-abdominal infection. 5 Although the signs of infection described by Sano et al. are slightly different from those of SIRS, 5 we also carefully observed SIRS-positive patients and administered imipenem/cilastatin as therapeutic antimicrobial drugs when the SIRS persisted for 4 days or longer, and no liver failure occurred in any patient. Bratzler et al. 17 reported that antimicrobial prophylaxis is administered for 24 h or longer in .60% of cases in the USA. Evidence for the optimal duration of administration may be needed in the future. Since no difference was noted in the incidence of post-operative infection between the 2 day and 5 day treatment groups, administration until post-operative day 1 may be sufficient for routine treatment, but additional administration after post-operative day 2 may be necessary for SIRS-positive cases, and SIRS may serve as an index for the duration of post-operative administration.
Two days may be a sufficient duration of flomoxef sodium administration because no significant differences were noted in the incidence of post-operative infection or SSI between the 2 day and 5 day treatment groups. However, when SIRS is positive on post-operative day 2, and induction of liver failure is of concern, it may be safer to continue antimicrobial drug administration until SIRS is eliminated.
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